Bird's-foot trefoil (Lotus corniculatus) is a nutritious forage crop, employed for livestock foraging around the world. Here, we report the identification and characterization of two novel viruses associated with bird's-foot trefoil. Virus sequences with affinity to enamoviruses (ssRNA (+); Luteoviridae; Enamovirus) and nucleorhabdoviruses (ssRNA (-); Rhabdoviridae; Nucleorhabdovirus) were detected in L.
(https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi). Further, HHPred and HHBlits as implemented in https://toolkit.tuebingen.mpg.de/#/tools/ was used to complement annotation of divergent predicted proteins by hidden Markov models.
The tentatively named birds-foot trefoil associated virus 1 (BFTV-1) genome organization is characterized by 13,626 nt long negative-sense single-stranded RNA (GenBank accession number MH614262) and contains six open reading frames (ORFs) in the anti-genome, positive-sense orientation ( Fig. 1A) . BLASTP searches identified these ORFs as potentially encoding: a nucleocapsid protein (N; ORF1, 462 aa), phosphoprotein (P; ORF2, 344 aa), movement protein (P3; ORF3, 325 aa), matrix protein (M; ORF 4, 294 aa), glycoprotein (G; ORF 5, 637 aa), and an RNA dependent RNA polymerase (L; ORF 6, 2104 aa), based on highest sequence identity scores with nucleorhabdoviruses, in particular with black currant-associated nucleorhabdovirus (BCaRV; [23]), DYVV and sonchus yellow net nucleorhabdovirus (SYNV; [12] ) ( Table 1) . The coding sequences are flanked by 3' leader (l) and 5' trailer (t) sequences revealing a genome organization of 3' l-N-P-P3-P4-M-G-L-t 5' (Fig.1A) , which is the basic organization described for plant rhabdoviruses [7] given that no accessory genes are encoded by the BFTV-1 genome. Like all plant rhabdoviruses, BFTV-1 genes are separated by intergenic "gene junctions" regions, which are composed of the polyadenylation signal of the preceding gene, a short intergenic region, and the transcriptional start of the following gene (Supp . Table 1) . Interestingly, BFTV-1 consensus "gene junction" region sequence 3´-AUUCUUUUUGGUUGUA-5´ is identical to that of BCaRV, DYVV and SYNV (Supp. Table 1 ). All BFTV-1-encoded proteins contain a classical mono or bi-partite nuclear localization signal (NLS) [7] . Importin-α dependent nuclear localization signals were predicted using cNLS Mapper available at http://nls-mapper.iab.keio.ac.jp/, the scores predicted an exclusively nuclear localization for N, M and L proteins, while for P, P3 and G the scores suggested localization to both the nucleus and cytoplasm (Table 1) . Nuclear export signals were predicted using NetNES 1.1 available at www.cbs.dtu.dk/services/NetNES/ which predicted a leucine-rich nuclear export signal in BFTNRV N protein near amino acid position 350 (data not shown), suggesting both nuclear import and export. Similar results were reported for the predicted products of DYVV [7] . Amino acid sequence comparisons between the deduced BFTV-1 proteins and the corresponding sequences of other nucleorhabdoviruses revealed high similarity of BFTV-1 to BCaRV, DYVV and SYNV. BFTV-1 N, G and L proteins were the most identical to that encoded by BCaRV, DYVV and SYNV sharing a 37.0-58.4% similarity, whereas P, P3 and M were the more divergent (Supp. Table 2 ).
Phylogenetic insights based on predicted replicase proteins were generated by MAFTT 7 https://mafft.cbrc.jp/alignment/software/ multiple amino acid alignments (BLOSUM62 scoring matrix) using as best-fit algorithm E-INS-i (BFTV-1) or G-INS-I (BFTV-2). The aligned proteins were subsequently used as input for FastTree 2.1.5 (http://www.microbesonline.org/fasttree/) maximum likelihood phylogenetic trees (best-fit model = JTT-Jones-Taylor-Thorton with single rate of evolution for each site = CAT) computing local support values with the Shimodaira-Hasegawa test (SH) and 1,000 tree resamples. The obtained tree shows that BFTV-1 clusters together with other viruses within the genus Nucleorhabdovirus (Fig.1B) . BFTV-1 appears to have a close evolutionary relationship with BCaRV, DYVV and SYNV, which share a similar genomic organization to that described for BFTV-1 [8, 13, 23] .
It is tempting to suggest that BFTV-1, BCaRV, DYVV and SYNV may represent the most ancestral clade within nucleorhabdoviruses, since no accessory genes are present in their genomes. Taken together our results suggest that BFTV-1 should be considered a member of a new virus species in the genus
Nucleorhabdovirus.
In addition to the nucleorhabdovirus, the BLASTX searches of the obtained transcriptome showed a 5,622 nt transcript which obtained a significant hit (E-value = 0, identity = 74%) with the P1-P2 fusion protein of Alfalfa enamovirus 1 (AEV-1; [2]). Mapping of the SRA raw reads extended the contig into a 5,736 nt RNA sequence (mean coverage = 61.6X, reads per million (RPM) = 147.1) with an overall identity of 69.2% with AEV-1. The assembled sequence of bird's-foot trefoil virus 2 (BFTV-2) consists of 5,736 nt (GenBank accession number MH614261) and presents a typical 5΄-PO-P1-2-IGS-P3-P5-3΄ enamovirus genome structure ( Fig.2A ).
The first ORF, ORF 0, consists of 909 nt encoding a putative P0 of 303 aa with a calculated molecular mass of 33.8 kDa. In enamoviruses, P0 has been shown to function as an RNA silencing suppressor [11].
BFTV-2 P0 is more similar to that of legume-infecting enamoviruses AEV-1 and pea enation mosaic virus-1 (PEMV-1), where an F-Box-like motif located on the N-region of the predicted protein was identified (Supp. Fig. 1A) . Interestingly, this motif was not identified in the non-legume infecting enamoviruses. The F-box-like motif is involved in silencing suppression [11], therefore it is tempting to speculate that other encoded proteins, rather than P0, may be involved in silencing suppression of the non-legume infecting enamoviruses. Nevertheless, proper assays should be employed to test this hypothesis. The second ORF, ORF1, which contains 2,283 nt, is predicted to be expressed by a ribosomal leaky scanning mechanism for a protein P1 (761 aa, 83.9 kDa). The third ORF, ORF2, which is translated by a -1 ribosomal frameshift from ORF 1 overlaps ORF1 at its 5´ end and is predicted to produce an ORF1-ORF2 fusion protein, P1-P2 (1183 aa, 131.4 kDa). The canonical motif for a −1 frameshift site is X_XXY_YYZ. A putative slippery sequence was detected at position 2,039 of the type G_GGA_AAC (Supp. Fig. 2A ), identical to that of PEMV-1 [5]. In addition, an H-type highly structured (Free energy = -12.80) 40 nt pseudoknot was detected eight nt downstream (seven nt spacer) immediately following the slippery sequence (Supp. Fig. 2B ) which was predicted with the KnotInFrame tool available at https://bibiserv2.cebitec.uni-bielefeld.de/knotinframe and visualized with the VARNA 3.93 applet (http://varna.lri.fr/). It is worth noting that the frameshifting pseudoknot in other polero/enamoviruses, including PEMV-1, is seven nt from the end of the shifty site (6 nt spacer), given that the spacing between the slippery sequence and pseudoknot is determinant [1] further studies should confirm the tentative prediction of this report. P1 and P1-P2 have a putative involvement in virus replication, while P1 is considered a serine-like protease, and the frameshift region (P2) of the P1-P2 protein is thought to contain the core domains of the viral RNA-dependent RNA polymerase (RdRP) [5] . A serine-protease-like domain (peptidase S39, pfam02122, P1 residues 314-515; E-value, 3.75e-42) in P1, and an RdRP domain (RdRP-4, pfam02123) resembling those from members of the genera Polerovirus, Rotavirus and Totivirus in P2 (P1-P2 residues 734-1116; E-value, 2.26e-61) were found when these protein sequences were analyzed ( Fig. 2A) Fig. 3A-B) . Both BFTV-2 5'C-rich and CD-DRTE regions showed high identity with that of AEV-1, with the expected complementary bases of the two regions identical with the exception of a G-to-A SNP at the CD-DRTE, which is a non-complementary base in both BFTV-2 and AEV-1. P3 is the coat protein (CP), whereas the CP read-through extension (P5) of P3-P5 is thought to be an aphid transmission subunit of the virus [5]. While the CP region of the predicted P3-P5 protein is more conserved in enamovirus, some emerging motifs could be observed, such as a proline rich stretch immediately following the read-through region (Supp. Fig. 1.B) . It is tempting to speculate that this motif could be involved in the transmission of BFTV-2; nonetheless, mutagenesis analysis coupled with virus transmission assays should be conducted to test this hypothesis. When these protein sequences were analyzed in detail, a luteovirid CP domain (Luteo_coat, pfam00894) in P3 (P3 residues 55-188; E-value, 
